Little is known about the portion of the Milky Way lying beyond the Galactic center at distances of more than 9 kilo-parsec from the Sun. These regions are opaque at optical wavelengths due to absorption by interstellar dust, and distances are very large and hard to measure. We report a direct trigonometric parallax distance of 20.4 +2.8 −2.2 kiloparsec obtained with the Very Long Baseline Array to a water maser source in a region of active star formation. These measurements allow us to shed light on Galactic spiral structure by locating the Scutum-Centaurus spiral arm as it passes through the far side of the Milky Way, and to validate a kinematic method for determining distances in this region based on transverse motions.
The Bar and Spiral Structure Legacy (BeSSeL) Survey is a Key Project of the Very Long Baseline Array (VLBA), which has been measuring trigonometric parallaxes and motions on the sky plane (hereafter, proper motions) of methanol and water masers associated with hundreds of high-mass star forming regions in the Galaxy. Recently, the project focused mainly on distant regions to locate distant segments of the Galactic spiral arms. Here, we discuss the most distant of these sources, G007.47+00.05 (or IRAS 17591−2228), for which an accurate parallax distance was not previously available. The source lies on the far side of the Galaxy and appears to link the prominent Scutum-Centaurus spiral arm in the fourth Galactic quadrant with a distant molecular arm recently discovered in the first quadrant, dubbed the Outer Scutum-Centaurus (OSC) arm (3) .
We used the VLBA to observe strong H 2 O maser emission at 22.2 GHz from the star-forming region G007.47+00.05 between 2014 March and 2015 March (4) . We modeled the relative position in time of compact maser spots, with respect to an extragalactic continuum source ( Figure 1A ), as the sum of the parallax signature (i.e., a sinusoid), caused by our changing vantage point as the Earth orbits the Sun, plus a linear motion of the star-forming region relative to the Sun in the E-W and N-S directions ( Figure 1B) . After removing the linear motion, the parallax effect inferred from this analysis ( Figure 1C) yields a parallax angle of 0.049 ± 0.006 milli-arcsecond (mas). This measurement corresponds to a distance of 20.4 +2.8 −2.2 kpc (66,500 ly) with an uncertainty of less than ±14%. In Figure 2 , we plot the Galactic position of G007.47+00.05, superposed on a plan view of the Milky Way, which shows the locations of prominent star-forming sites determined from trigonometric parallaxes.
We compare this result with an independent, statistical (Bayesian), distance estimate (5), derived by taking into account complementary information about the spatial distribution and kinematics of giant molecular clouds in the Galaxy. In Figure 3 , we plot the probability density function (PDF) for the source distance, based on five distinct contributions (listed below), and the cumulative best estimate for the probability of any given distance (black solid line). The red solid line (PDF SA ) quantifies the probability that a set of three values, Galactic longitude ( ), latitude (b), and radial velocity with respect to the local standard of rest (LSR), V LSR , match those values expected for a given spiral arm segment, as traced by CO and H I emission (e.g. (6) ). The loci of individual spiral arms are then fixed in position by trigonometric parallaxes, following previous analysis (2) . Also plotted is the kinematic distance probability (PDF KD ), as inferred from the radial velocity of the source with respect to the Sun (V LSR ), after assuming a rotation curve for the Galaxy (2). Because star-forming regions are expected to lie close to the Galactic plane, we have also quantified the expectation of finding a source at high Galactic latitude if it is near the Sun, and vice versa (PDF GL ). Details of how these contributions are calculated have been previously discussed (5).
In Figure 3 , we assign two additional distance PDFs to the source, based on its proper motion in the Galactic latitude and longitude directions. The more distant the source, the smaller one expects the angular motion out of the plane (PDF PM,b ). At the same time, the proper motion along the plane (i.e., in Galactic longitude) provides an additional kinematic distance probability (PDF PM, ), which makes use of the velocity component (V ⊥ ) perpendicular to the line-of-sight (e.g. (7)). The probability density function, PDF PM, , is generated similarly to the PDF KD (5, their section 2.2). The observed proper motion components (µ x , µ y ) are rotated about the line-of-sight into Galactic components (µ , µ b ), and the component projected along the Galactic longitude (µ ) is compared with that expected under the assumption of circular Galactic orbits as a function of distance (e.g. eq. 4 of (7)). This calculation of kinematic distance using proper motions is most effective toward the Galactic center and anticenter, the directions in which conventional kinematic distances based on radial velocities are least useful. A similar calculation was previously followed by (8) , who estimated for G007.47+00.05 a far kinematic distance Evaluating the kinematic distance PDFs requires Bayesian priors for the Galactic rotation curve, Θ(R), and the fundamental Galactic parameters of the circular rotation speed Θ 0 at the distance R 0 of the Sun from the Galactic center. In Table 1 , we list the priors and source input data used to calculate the PDFs. For the V LSR of the source, we adopt the average velocity of the H 2 O maser emission of −16 ± 4 km s −1 , which is consistent with the peak of radio recombination lines at −16.9 ± 0.1 km s −1 (9) and the range of CS emission at −13.9 ± 4.6 km s −1 (10) . For the proper motion of the starforming region (µ x , µ y ), we averaged the final values derived from Figure 1 The spiral arm PDF (PDF SA ) has two main peaks between 4 and 5 kpc, because the target source has a V LSR between that of the Norma (∼10 km s −1 ) and Near 3-kpc (−20 km s −1 ) arms at that longitude (e.g. Figure 7 of (12)); the current parallax measurement unambiguously rules out such small distances.
Distances to spiral arms beyond about 10 kpc are a substantial extrapolation because of the current lack of direct parallax measurements. The spiral arm PDF shows a small peak at ∼16 kpc based on a long extrapolation of the Outer arm (red curve in Figure 2 ) through the first Galactic quadrant. However, locating G007.47+00.05 at this distance can be excluded by the parallax distance, with a probability of > 95%, as well as by kinematic distance values, since this portion of the Outer arm is well outside the Galactic center region.
Close to the Galactic plane at a longitude of 7.5 • (e.g. Figure 3 of (3) and Centaurus ( = 309 • ) arms in addition to nearby parallax measurements (3), the distance to the OSC arm at the longitude of the maser source would be in the range 20-21 kpc. In Figure 2 , we show the logarithmic spiral of the OSC arm under these conditions. This arm also coincides, within the uncertainties, with the farthest arm traced by (13) , taking into account the value of R 0 adopted by those authors.
This distance estimate determines a third peak of the PDF SA which is consistent with the trigonometric parallax distance. In Figure 3 In summary, we have measured the distance to a water maser source in the OSC arm using both a direct trigonometric parallax and a statistical Bayesian analysis. Our parallax distance agrees with an indirect distance estimate for the source inferred from its measured (proper) motion on the sky (8), thus providing support for the determination of kinematic distances based on proper motions rather than radial motions alone. These measurements allow us to trace the Scutum-Centaurus arm nearly one full turn of Galactic azimuth and out to large Galactocentric radii on the far side of the Milky Way, and shows that we can map spiral structure throughout the Galaxy. Figure 1A . Relative astrometric accuracy is inversely proportional to the angular separations of sources on the sky, so we selected three background sources (Table S1 ) located < 4 • from the maser as calibration points. At each epoch we observed for 7 hours and calibrated the atmospheric propagation path-delays for each antenna. Details of the observational strategy can be found in (18) . Table S1 summarizes the source information. For the final imaging, we removed any data for which an antenna in an interferometer baseline had an elevation less than 15 • above the horizon. In Figure S1 , we show the images of the background sources from the first epoch, phase-referenced to the maser channel at V LSR of −15.6 km s −1 .
Parallax fitting
Maser spots for parallax fitting were selected according to the following criteria: (1) spots persisting over the 6 epochs that belong to isolated cloudlets, in order to avoid emission blended between different maser centers; (2) compact maser spots, unresolved by the VLBA beam or slightly resolved but with a stable, deconvolved, position angle; (3) bright maser spots with signal-to-noise ratios of more than a hundred.
As described in the main text, we fitted the observations with an astrometric model that accounts for both parallax and proper motion of the source. Results of the parallax and proper motion fitting for two point-like maser spots with respect to J175526.28−223210.6, the calibration source projected nearest the maser, are listed in Table S2 . The formal fitting uncertainties were combined in quadrature with error floors to account for the effects of unmodeled atmospheric delays. These error floors were set to ±0.005 mas and ±0.23 mas in the E-W and N-S directions, respectively, so as to yield values of reduced χ 2 (per degree of freedom) near unity for each coordinate (e.g. (21) for details). On 2014 November 22 only four antennas out of nine could be used for imaging (because of instrumental issues), with a maximum baseline length of ≈ 2000 km, and the formal position uncertainties were 3 times greater than at the other epochs ( Figure 1C ). We simultaneously fitted the positions of the two spots listed in Table S2, solving for a single parallax, but allowing for different proper motions. The final parallax uncertainty was multiplied by √ 2 to account for the possibility of residual atmospheric delays between the maser and the calibrator line-of-sights, which would be fully correlated for the two masers spots. The combined parallax fit yielded a parallax of 0.049 ± 0.006 mas and is shown in Figure 1C . . Therefore, for our observations, we expect an E-W parallax uncertainty of
, where the 0.5 factor comes from the fact that we measure the full parallax sinusoid (i.e., double the parallax angle), and √ 6 − 3 is the degrees of freedom in the model. This estimate of the parallax uncertainty (± 0.006 mas) is in agreement with the measured value.
We discarded parallax fits for the second and third calibration sources, both of which are pro- 
Maser source and internal proper motions
In Figure S2 , we show the distribution of individual maser emission centers (or cloudlets) detected towards G007.47+00.05. Maser properties are reported in Table S3 . (Table S2) .
Supplementary text
In the following, we comment on the proper motion measurements presented in Table S2 with respect to the values reported by (8, their Table 3 ). These authors observed the H 2 O maser emission from the starforming region G007.47+00.05 over 3 yr. They conducted astrometric observations with the Japanese VERA array and measured the relative position in time of the H 2 O maser source with respect to the background calibrator J175526.28−223210.6, the same calibrator we observed with the VLBA. Because the VERA observations covered a time baseline three time longer than that of the VLBA observations, this difference would provide a higher accuracy in the proper motion measurements by a factor √ 3,
under the same conditions. In the N-S direction, the VERA and VLBA observations have comparable positional uncertainties (cf. Figure 1C and Figure 4 of (8)), which are dominated by unmodeled atmospheric delays. Therefore, the N-S component of the proper motion (µ y ) determined with the VERA observations is more accurate by a factor ∼ √ 3 than that determined with the VLBA observations. On the other hand, in the E-W direction, the VLBA observations are more accurate by a factor ∼ 20 than the VERA observations (cf. Figure 1C and Figure 4 of (8)). Taking into account the different time baseline of the observations, the accuracy of the VLBA and VERA proper motions eventually differs by an order of magnitude in the E-W direction.
In this work, we corrected the proper motions determined from the parallax fitting by the internal motions of the maser distribution (see above). In the analysis by (8), they detected three maser cloudlets with negligible relative motions, and made a weighted averaged of the proper motions determined from the three masers (their Table 3 ). Because of the different methods, we used an arithmetic average to combined the proper motion determined in Table S2 with those by (8) .
The distance estimated from the proper motion measurements by (8) is in agreement with the trigonometric parallax distance determined in this work. The uncertainty estimated by (8) for the "far" kinematic distance is also similar to that derived from the trigonometric parallax. These authors explored the effects on the kinematic distance of changing Θ(R) and/or the Solar motion values, and showed that the uncertainty on the circular rotation speed at the Sun (Θ 0 ) dominates the uncertainty of the kinematic distance.
For example, an uncertainty of ± 14 km s −1 on Θ 0 corresponds to a distance uncertainty of ± 1.2 kpc.
The same analysis applies to the sensitivity of the kinematic PDF PM, on the choice of the priors.
On the other hand, a "near" kinematic distance could not be excluded a priori by (8) . In addition to the expectation of large non-circular velocities in the Galactic center region, which might be able to produce any combination of proper motion and radial velocity, a ray from the Sun towards a longitude of 7.47 • comes within about 1 kpc of the Galactic center. In external galaxies similar to the Milky Way, rotation curves significantly drop inward at small Galactocentric radii (e.g. (28)). Therefore, the circular rotation speed in the Galactic center region is likely far less than the value assumed by (8). Table S1 ). Table S1 . Details for the calculations of the maser cloudlet properties are given in (31). Columns 6 and 7 give the proper motion components of the cloudlets, with respect to the star, along the east and north directions, respectively. The relative position of the central star, with respect to cloudlet num. 16, is also indicated. 
